ABSTRACT
INTRODUCTION
Regenerative approaches to dental pulp have long been adopted with pulp capping, using materials such as calcium hydroxide [1] and the Cvek partial pulpotomy technique. [2] Like all disciplines, endodontics is punctuated by fashion effects. Among these effects, some are ephemeral, others settle in time, and pulpotomy should be reconsidered as a viable permanent treatment approach for permanent teeth as well as for primary teeth. The literature is enriched with articles about vital pulp therapy (VPT) as an alternative to traditional root canal treatment for teeth, diagnosed with irreversible symptomatic pulpitis with a success rate higher than conventional treatment over a period of 5 years.
The success of the VPT depends on the diagnostic criteria established for assessing the pulp status. An accurate diagnosis of the inflammatory state of the pulp is critical to choose a correct treatment strategy. [3, 4] The most accurate method for assessment of pulpal status still the histological examination by which the extent of inflammation or presence of necrosis is observed. [5] However, it is difficult, if not impossible, to clinically determine it.
In cases of irreversible pulpitis, the pulp becomes inflamed to a varying degree, but it is not possible to precisely establish the level of inflammation on the basis of indirect diagnostic methods. [6] It should be known that in our practice the tests used to diagnosis a pulpal status (thermal or electrical tests) give us a subjective idea and are dependent on the pain's perception by the patient. On the other hand, vitality tests such as laser Doppler flowmetry and oximetry give an objective idea but remain clinically inapplicable.
Following the answers obtained, the clinician will establish a pulpal diagnosis. In the literature, the diagnosis obtained is qualified by indirect or provisional.
In light of these recent data, it is necessary to develop a diagnostic means that is histologically reliable and clinically applicable.
When planning endodontic treatment, direct observation of the pulp at the root canal entrances (color of pulpal bleeding/pulpal bleeding flow) can be valuable to our diagnosis.
We named this observation "In situ observation." The questions that arise are:
• Can this "in situ observation" be used to refine our diagnosis • Is there a correlation between the initial diagnosis and the final diagnosis with the in situ observation?
We will, therefore, try to answer these questions through a prospective study.
MATERIALS AND METHODS
This study looked at patients who had either symptomatic or asymptomatic irreversible pulpitis, uncomplicated pulpal necrosis, or reversible pulpitis treated for prosthetic aims. The complete treatment, from the access cavity to the coronary obturation was performed in the Dental Department of EPS Sahloul during the years 2015 and 2016. All endodontic treatments were performed under a rubber dam. A total of 200 files were studied, and only 133 files were selected. We exclude from the sample: teeth presenting necrosis with periapical complication, teeth already obturated, teeth being treated and teeth with indication of extraction.
Methods
The ideal is to work with the electrical test but lack of means we opted for the cold test. Each tooth was isolated with a cotton roll. A "frosted" cotton pellet was applied to the buccal surface of the tested teeth. The radiological examination was carried out with the aim of deepening the initial diagnosis. The information collected allowed us to make an initial clinical diagnosis (indirect) according to the classification of the American Association of Endodontists (AAE) (Reversible/ Irreversible Pulpitis symptomatic/irreversible asymptomatic/ pulpal necrosis). All teeth were anesthetized either by local infiltration with a medical anesthetic supplemented with 1: 1,00,000 epinephrine, or by infiltration of the inferior alveolar nerve block with the same anesthetic without epinephrine. The carious tissue was removed completely, and the tooth was restored with glass ionomer cement as a preendodontic reconstitution. Once the rubber-dam is placed on the tooth and access cavity is made, the coronal pulp is removed gently with hand instruments or a round bur. The root canal entries are localized with a No. 6 probe. Observations of color and blood flow have been noted. The initial pulpal diagnosis is either retained or corrected according to the in situ observation. Finally, shaping and canal filling were performed. In this study, we don't perform VPT, only traditional endodontic treatment was done. We only focus on the in situ observation.
The data collection was done by the interns within the EPS Sahloul dentistry department. To minimize the risk of error, the data collected were all verified by the same operator. For each file, the data collected were relevant to:
• The initial pulp diagnosis • The in situ pulpal diagnosis.
• Reversible Pulpitis: Bright red blood with bleeding that stops after 5 min • Irreversible symptomatic pulpitis: Very abundant cherry red blood ironless • Irreversible asymptomatic pulpitis: Red blood scarce cherry and/or white fibrous pulp appearance • Pulp necrosis without periapical complication:
Depulpless canal • Partial necrosis: depulpless canal/bleeding canal for the same tooth.
Statistical analysis
Statistical analysis was set up using SPSS IBM Corp. IBM SPSS Stastictics for windows, version 23,0 (Armonk, NY: IBM Corp).
For the analytical study, we used the Chi-squared test to look for a possible association between clinical diagnosis and in situ observation. The level of statistical significance has been set at 5% (P < 0.05).
RESULTS
We hypothesized that there is no difference between the initial direct clinical diagnosis and the final diagnosis based on in situ observation. The Chi-squared test gave a value P < 0.005. The null hypothesis has been rejected, and the alternative hypothesis was retained. There is no correlation between the initial diagnosis and the final diagnosis. Based on the classification of the AAE, the 133 cases were distributed according to Table 1 .
After the in situ observation, the final diagnosis was established and we got these results [ Table 2 ].
DISCUSSION
Cariogenic bacteria are the most common cause of pulpitis. However, the size of the carious lesion is not the only determinant of the degree of pulp inflammation. [7, 8] Pulp histological reactions, including the various immune and inflammatory responses, are triggered in the pulp and may even occur following initial caries limited to enamel. [9] An accurate pulp diagnosis is essential for adequate treatment. Clinicians, based on their clinical diagnosis, decide on the selection of conservative treatment (VPT) or a radical treatment and therefore endodontic treatment. Vitality or necrosis of the pulp and more importantly, the nature of inflammation (reversible or irreversible), are determined indirectly depending on the clinical signs and symptoms of the patient, responses to sensitivity tests, including thermal and electrical tests (EPT) and radiological evaluation. However, clinical diagnosis is difficult when sensitivity test results are inconsistent with subjective results [10] and can lead to the wrong diagnosis and then wrong therapeutic. Our study confirms this clinical ambiguity. Effectively, out of 73 cases of asymptomatic irreversible pulpitis, only 35 cases were diagnosed correctly, of 25 cases of reversible pulpitis, 7 cases were diagnosed as total necrosis and finally, of 34 cases of symptomatic irreversible pulpitis, 6 cases were diagnosed with partial necrosis.
An increasing number of evidence from recent studies has revealed that permanent teeth with irreversible pulpitis contain multipotent stem cells [11] with immense potential for tissue regeneration and can be successfully treated with VPT. [12] From a histological point of view, such an inflamed pulp is vital, if the circulating blood flow is sufficient, this pulp can heal if appropriate treatment is performed.
Recent reports have revealed the success of VPT in exposed pulps with signs/symptoms of irreversible pulpitis.
The success of the VPT as a biological treatment is based on the healing potential of the so-called "irreversibly inflamed" root pulp and on the biocompatibility of pulp capping materials. [13] Given the limit of the reliability and reproducibility of the pulp tests mentioned above, we were interested in a means of direct observation of the pulp state (observation of color and blood flow).
In fact, the color of the blood is affected by the level of hemoglobin (Hb) and the oxygen saturation of the Hb molecules in the red blood cells. [14] The arterial and capillary blood (rich in oxygen) is bright red because the oxygen gives a strong red color to the Hb, in the contrary venous blood (low oxygen content) has a darker shade of red. [15] On the light of this information, in 2016 a study looked for [16] a correlation between blood color and pulp state at the primary teeth using a device that determines the color of the blood. The results show that a significant association between the two exists and that the difference in blood color is detectable by the naked eye. Hence, the darker the blood is, the sooner the inflammation is close to necrosis. Other studies [17] [18] [19] reinforce this idea, in particular, the study of Setzer et al. In 2012, [20] Seltzer compared the oxygen saturation of the thumb with that of the pulp with different pulpo-pathologies using oximetry. He found that the oxygen saturation in reversible pulpites is higher than the irreversible pulpites. On the other hand, the oxygen saturation in reversible pulpites is lower then healthy pulps. It is deduced that for pulpites the blood is rich in oxygen but remains poor in oxygen compared to healthy pulps.
About the blood flow, and histologically, during pulpal inflammation, a vascular reaction is observed following the release of neuropeptides. In symptomatic (acute) irreversible pulpitis, the number of congested neocapillaries increases, as does capillary permeability, with the result that intra-tissue accumulation of inflammatory exudate occurs. For asymptomatic irreversible pulpitis (chronic), collagen apposition forms a halo to encircle the abscess zones. These areas of abcedations eventually ulcerate, especially during penetrating caries. In the vicinity of this fibrous zone, there is an area which is poor in vascularization or even avascular. [21] From these biological and histological ascertainment, it has been thought that blood flow and color of blood can give us information on the degree of inflammation.
In the light of this informations, we establish an in situ classification for the different pulp state described by the AAE [ Table 3 ].
CONCLUSION
Some authors describe this new philosophy of the least invasive in the endodontic field by Endolight. This philosophy encompasses both the pulp regeneration technic and the so-called conservative endodontic treatment. We believe that these evolutions, may change the way in which canal treatments will be performed in the future. It will be possible to treat each root canal in a different way depending on the pulpal state of the latter.
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